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Abstract 
China is home to the world's second largest electric power industry, and has plans to modernize its power network 
into a robust and efficient grid.  Short-circuit fault current control becomes increasingly important to the power grid 
modernization process.  Superconducting fault current limiters (SFCLs) may contribute significantly to the solution to 
the fault current problem.  This paper discusses the demands and challenges in the application of SFCLs to Chinese 
power grids, from the perspective of the present situation and taking into consideration future developments of the 
electric power industry.  Technical and economical comparisons with conventional fault current control technologies 
are presented. 
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1. Introduction 
China is one of the most rapidly developing economies, making it one of the biggest consumers of 
electricity in the world.  By the end of 2010, the total installed generation capacity reached 962 GW, 
ranking second in the world.  In the past five years, the installed generation capacity increased by 13.22% 
annually and it will maintain a rapid growth in the next decade, as shown in table 1 [1]. 
Power grid scales in China also increased rapidly, especially in high voltage (HV) and ultra high 
voltage (UHV).  Table 2 lists the typical substation capacities over 220kV at the end of 2010 and new 
capacity added in 2010[1].  In 2009, State Grid Corporation of China (SGCC) put forward a plan to 
promote the development of a robust and efficient power grid.  During the power grid modernization 
process, along with the enlargement of the scale, the connections of power grids become tighter and short-
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circuit current levels, higher.  At places, short-circuit currents are near or over the breaking capacity of 
circuit breakers, making short-circuit current control increasingly important. Besides enhancing system 
optimization, effective fault current limiting hardware such as SFCL will also provide meaningful options 
for utilities and hence has great market potentials. 
Table 1. The growth of installed generation capacity and electricity consumption 
Item                           Year 2010 2015 2020
Installed capacity (GW) 962 1437 1885
Annual growth rate (%) 13.22 8.5 5.6 
Electricity consumption (Twh˅ 4141 6270 8200
Annual growth rate (%) 11 8.5 5.5 
Table 2. The growth of substation capacity of 220kV and above 




New capacity added in 2010
(MVA) 
Growth rate during  
2005-2010 (%) 
1000kV 6000
750kV 36600 19200 64.92 
500kV 698340 97200 23.14 
330kV 65920 9360 20.85 
220kV 1167380 132400 15.49 
2. The Chinese Power Grids 
There are two national power grids in China comprising six regional power grids, including Northeast 
Power Grid, North China Power Grid, Central China Power Grid, East China Power Grid, Northwest 
Power Grid and Southern Power Grid.  The highest voltage in the northwest power grid is 750kV, while 
the backbone network operates at 330kV.  In other regions, the backbone networks are at voltage levels of 
500kV and 220kV. 
In general urban networks, the highest level of voltage is 220kV, and sub-level voltage is 110 (66, 35) 
kV.  In smaller cities or towns, highest voltage level is mostly 110(66, 35) kV and sub-level voltage is 
10kV.  In recent years, in a few larger cities, such as Shanghai, Beijing, and Guangzhou, 500kV ring 
networks have been gradually constructed, expanding the employment of 500kV power grid to urban 
network of power delivery as well as regional power transmission. 
As energy resource distribution is extremely unbalanced in China, SGCC is promoting a development 
strategy to construct 1000kV AC and ± 800kV DC high-capacity power transmission lines between 
energy bases and load centers.  In the future, North China Power Grid, Central China Power Grid, and 
East China Power Grid will be connected through an UHV synchronous network [2]. 
3. Short Circuit Current Problem in Chinese Urban Networks 
As centers of large grids and load centers, urban power networks play important roles in the power 
system.  Generally, having high short-circuit current, voltage stability, and the capability to feed bulk 
power into city center are challenges for big cities.  Raising power load and strengthening interconnection 
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between systems will lead to the increase of short-circuit current.  Addition of power sources not taken 
into account in planning also increases the system short-circuits current level.  Table 3 shows the design 
standards of short-circuit levels for different power grids in China [3]. 
Table3. Design standards of short circuit current level 









According to the characteristic of Chinese power grids, the main short-circuit current problems are 
analyzed by three typical cases as follows.  
3.1 500 HV transmission grid 
In mega cities such as Shanghai, Beijing and Guangzhou, increasing the magnitude and density of the 
load means that the short-circuit current could quickly reach 63kA, the maximum current that existing 
breakers can handle. The high short circuit current level has prevented the expansion of power grids to 
meet the rapid increasing demanded load.  Network partition schemes are widely adopted to restrain the 
rising level and the implementation of series reactors is also considered [4].  However, such conventional 
methodologies are reaching the limits of their capabilities in solving these mega city issues, and new 
technologies are needed before higher 1000kV grids can be completed. 
Fig.1. Short circuit levels of 500kV power grids in Guangdong  in 2010 
Figure 1 shows the short-circuit current levels at main sites in 2010 in the Guangdong Power Grid.  
The average three/single-phase short-circuit current level for 500kV is 39.3/37.5kA.  According to plans, 
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there will be 57 substations of 500kV in Guangdong by 2015, and 67 by 2020.  By 2015,  under the 
conditions of ring closing operations, the average short-circuit current level for 500kV will be 48kA, the 
maximum level close to 70kA, and there will be 13 sites where short-circuit current levels are estimated 
to exceed 63kA.  By 2020, the overall level of short-circuit current will have increased by about 5kA, and 
there will be 17 sites where the short-circuit current levels exceed 63kA.  Table 4 lists the anticipated 
short-circuit current levels.  Even though some measures, such as busbar splitting, will be taken, overall 
level of short-circuit current is still high, and new solutions for controlling short-circuit current are 
necessary. 
Table4. The anticipated short circuit current levels at ring closed operation in Guangdong 
3.2 220kV HV ringed network 
In some middle sized cities, along with the completion and implementation of 500kV grids, the 
original 220kV networks will be electromagnetically coupled with the newly built 500kV power grids [5].  
In 2010, short-circuit current calculations of Yunnan Power Grid showed that short-circuit current at the 
Qidian 500kV substation is maximum, 44kA, and has an impact on the Guolin  220kV substation nearby, 
where the short-circuit current is currently 34kA. The capacity of the 220kV circuit breakers at Qidian 
and Guolin are 50kA and 40kA respectively.  Figure 2 is a diagram of the power network of Qidian 
substation. With the load increasing in Kunming, a third main transformer will be installed at Qidian, and 
then short-circuit current of the 220kV busbar at Qidian will reach 51.6kA, above the circuit breaker’s 
capacity.  It will also raise the short circuit level of Guolin substation to 38kA, very near the circuit 
breaker's capacity of 40kA. 
Fig.2. Diagram of power network of Qidian substation 
In addition, in many other areas, such as Jiangsu and Ningxia, the short-circuit current of 220kV 
busbars has exceeded 50kA, which is beyond the breaker capacity [6]. 
2015 2020              Year 
Fault current Three-phase Single-phase Three-phase Single-phase 
Average (kA) 47.9 43 52.7 48
Maximum (kA) 70.9 72.9 78.7 72.5 
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3.3 Distribution network with DGs 
Middle voltage (MV) distribution networks adopting distributed generation (DG) are now under 
development, following the trends of energy conservation and CO2 reduction.  Such networks may also 
incur quite a high level of overall fault current level, since it requires a large number of parallel branches, 
making the overall impedance very low if short-circuits take place at some locations. Effective control of 
fault level in this kind of network is of economical importance due to the large number of switchgears 
usually installed in the network.  Replacement of low capacity switchgears with higher ones is costly.  To 
keep the overall fault current level under control, the fault current level of each source branch has to be 
controlled.  A fault current limiting device used in such a position is required to have very low impedance 
to maintain the voltage stability of the relatively small base network.  Conventional devices can hardly 
meet this criterion but SFCLs show promise in this application. 
4. Applications of SFCLs 
4.1 Advantages of SFCLs 
Solutions to fault current include the following measures: increasing the current allowance capacity of 
switching devices and other equipment; breaking off operations and introducing higher voltage 
connection circuits; and adopting transformers with higher impedance and/or sequentially connecting 
inductive impedance devices.  However, each of these measures creates its own problems.  For example, 
breaking off operation reduces grid reliability, and higher impedance transformers increase energy loss, 
thus negatively impacting the quality of the grid's power supply.  
Compared with existing conventional limiting devices, SFCLs have many advantages: very low 
impedance during normal power transmission, resulting in an exceptionally low voltage drop on the 
device and very low transmission losses; adequate current limiting performance; rapid detection and 
initiation of limiting action; and fast recovery to normal operation after the clearing of a fault [7].  When 
used in several interconnected systems, SFCLs can help form a stable power grid, ensuring that a system 
failure will not affect the normal operation of the entire grid, thus improving system reliability.  This 
feature meets energy-saving, safe, robust and efficient grid needs.   SFCLs can be applied to a wide range 
of power networks and can be designed specifically for different applications in order to achieve the best 
technical and economic impact.  
4.2 Considerations for 500kV and above transmission grid 
For heavy duty HV or UHV transmission lines, the system impedance is low and the installation of 
SFCLs can keep the fault current level within the switchgear’s normal operating capacity.  In this case, a 
SFCL should be designed with more emphasis on limitation capacity and the ability to withstand strong 
fault currents.  SFCLs can be installed at busbar segmentations or branches where the short-circuit current 
is relatively large. 
4.3 Considerations for 220kV ringed network 
For multi-source HV distribution ring networks, the overall fault current may be very high due to the 
parallel connections of the branches.  Under such a situation, the most effective way to control fault 
current is to limit the fault current level of each source.  For this application, a SFCL needs to be designed 
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to reduce the fault current by 20-30% at each current source.  It can be installed at the main inlets of the 
ring network or substations to limit the main short-circuit current sources. 
4.4 Considerations for distribution network with DGs 
For these types of MV grids including DGs, the system capacity is relative small, so the SFCL device 
should focus on lowering impedance to maintain the voltage stability in the grids. 
5. Challenges and Prospects 
5.1 Example analysis 
Looking at the example of the Yunnan power grid, technical and economic comparisons between 
installing SFCLs (A) and upgrading the equipment (B) are given as follows. 
Two main transformers currently contribute the most to the short circuit current in the 220kV busbar at 
Qidian substation.  After installation of the third main transformer, short-circuit current will reach 51.6kA, 
for which the three main transformers will account for 53%. The 220kV substation at Qidian is under 3/2 
connection, and only if SFCLs are installed at 220kV side can the fault current be limited effectively.  
Considering the conditions above, installing three SFCLs at the 220kV side of the three main 
transformers can limit the current to 40kA or below, keeping within the circuit breaker’s capacity. 
x Short-circuit current contributed by each main transformer: 51.6kA*53%/3=9.12kA 
x Current needed to be limited: 51.6kA-40kA=11.6kA 
x Current limited by each SFCL: 9.12kA-11.6kA/3=5.25kA. 
So the installed SFCLs will be required to limit short-circuit current from 9.12kA to 5.25kA.  The total 
cost is estimated to be about 80-90 million CNY. 
Solution B is to upgrade the equipment of Qidian substation in order to raise the breaking capacity 
from 50kA to 63kA, and the Guolin substation from 40kA to 50kA.  Table 5 shows the overall 
investments. 
Table 5. Total cost of upgrading equipment 
Items                                         Site Qidian Guolin Total
Circuit breaker (sets) 39 6 45
Disconnector (sets) 182 30 212
Line traps (sets) 39 12 51
Estimated cost ( million CNY) 56 8 64
Currently, the cost of solution A is slightly higher than B.  But when there are more outlets, more 
equipment to be replaced, applying SFCLs will be more economical.  Furthermore, employing SFCLs 
also has an indirect economic effect.  Since they can reduce short-circuit current, overcurrent can be 
prevented in the main transformers and power loads, and the safety of all power equipment in network 
will be greatly enhanced.  This is not possible just by upgrading breaking capacity. 
5.2 Marketing route of SFCL in Chinese power grids 
Now, 35kV SFCL has been installed and tested in Chinese power grids [8][9], and 220kV SFCLs will 
be installed soon.  For the actual situation of Chinese power grids, 500kV SFCLs are now most urgently 
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needed for utilities.  However, that technology is not fully mature.  Its structure may be different from the 
35kV and 220kV ones, and would need a more complex insulation design.  Meanwhile, because of its 
higher cost compared to some conventional measures, SFCL doesn’t have a commercial advantage in 
general distribution grids at present.  But taking all the factors into consideration, 220kV SFCLs promise 
better technical & economic benefits and they will represent an important breakthrough in promoting the 
application of SFCLs.  The marketing strategy of SFCLs in China may take four steps:  
1) Application to some 220kV networks with multiple current sources and where the cost of upgrading 
existing equipment is very high.  
2) After further technological development, adoption of 500kV SFCLs for UHV power grids due to 
high demands and absence of alternative solutions. 
3) Application to MV networks with DGs, where SFCLs have significant advantages over 
conventional devices in their performance requirements. 
4) After cost reduction, may finally be applied to general distribution networks. 
6. Summary 
As a new type of power equipment, there are still some problems which need to be solved before large 
scale applications, for example: 
Cooling systems are necessary for SFCLs. Generally, the reliability requirement for power equipment 
is 99.8%-99.9%, hence the reliability of the cooling system of an SFCL should be greater than 99.8%.  
This remains a challenge to SFCL developers. 
The utilities may need to adapt new relay protection schemes for power grids when SFCLs are widely 
used.  
However, there is great potential in the application of SFCLs to Chinese power grids, with many 
promising advantages to conventional fault current limiters.  Commercialization of SFCL should be 
realized in the next few years. 
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